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We report the case of a 67-year-old woman who was admitted for surgical removal of a 
Greenfield filter that had been inserted 7 years before because of recurrent deep vein 
thrombosis associated with pulmonary embolism. This complication appeared on a plain 
abdominal radiogram that showed a 7 cm distal migration of the filter, a 30-degree 
angulation, and rupture of a strut at the level of the hub. Computed tomography, 
aortography, and ascending cavography demonstrated that the inferior vena cava was 
perforated by the struts and that the ruptured strut had penetrated the infrarenal aorta. 
As demonstrated by scanning electron microscopy, the fracture was due to a structural 
defect of the strut at its insertion point within the hub, with no sign of corrosion. 
Energy-dispersive radiography analysis failed to demonstrate impurity in the metal 
composition. (J VASC SURG 1995;22:182-7.) 
Pulmonary embolism is a significant cause of 
morbidity and death that affects tens of thousands 
of  people annually, t'2 Vena cava filters have pro- 
vided an attractive tool for the prevention of 
pulmonary embolism when anticoagulation ther- 
apy is either ineffective or contraindicated and for 
the prevention of recurrent pulmonary embolism 
when a free-floating iliocaval thrombus is still 
present. The Greenfield filter (GF) is widely ac- 
cepted for its efficacy, high patency rates, and low 
complication rates. 3'4 Moreover, complications 
such as migration, inferior vena cava (IVC) per- 
foration, and filter angulation have been rarely 
reported. 
We report a new case of a late complication of a 
GF associating distal migration, angulation and 
rupture of the filter, perforation of the vena cava, and 
penetration of the aorta by a ruptured strut. 
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CASE REPORT 
A 67 year-old woman was admitted to our department 
in May 1993 for the surgical removal of a GF. She had 
seven children and her history was significant for hyper- 
tension, diabetes mellitus, and obesity. 
She was first admitted in our department in 1986 for 
a right pulmonary embolism with a Miller index of 40%. 
She was admitted then multiple previous episodes of deep 
vein thrombosis. Prophylactic partial vena cava interrup- 
tion was indicated because of a remaining left femoral vein 
thrombosis demonstrated by ascending phlebography. A 
stainless steel GF (Meditech, Watertown, Mass.) was 
inserted through a surgical exposure of the internal jugular 
vein. Angiographic ontrol performed within the proce~ 
dure confirmed the location of the filter just below the renal 
veins. Plain abdominal radiography demonstrated the GF 
to be located at the L1-L2 level (Fig. 1, A). At this time, 
no filter angulation was measured in the lumbar spine, and 
the filter span, expressed as the widest diameter of the 
inferior portion of the filter, was 38 ram. 
The patient was readmitted to the department of 
gastrointestinal disease in March 1993 for anemia and 
major weakness. She described multiple pisodes of abnor- 
mal vaginal bleeding since November 1992 that were 
found to be related to a 7 cm-diameter left ovarian cyst 
revealed by abdominal echography. 
Plain abdominal radiography demonstrated a 70 mm 
caudal migration of the filter, a filter span of 49 mm, and 
a 30-degree angulation. Moreover, one of the six struts 
located on the left side of the IVC was ruptured and 
detached (Fig. 1, B). 
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Fig. 1. A, Plain abdominal radiography performed after insertion ofGF in 1986demonstrates 
its location at level of first lumbar vertebral body. B, Plain abdominal radiography performed 
in 1993 demonstrates caudal migration, 30-degree l ft angulation of GF, and rupture of one of 
its skx struts. 
Abdominal computed tomography confirmed these 
findings and showed the perforation of the IVC wall by the 
struts, one of them protruding in the aortic lumen (Fig. 2). 
Cavography confirmed the perforation f the caval wall 
(Fig. 3), whereas aortography showed afree image into the 
aortic lumen corresponding to the ruptured strut, without 
any arteriovenous fi tula (Fig. 4). 
Surgical removal of this damaged filter was indicated in 
the department of cardiovascular surgery in May 1993 to 
avoid later complication such as strut embolization or 
arterial bleeding. The operation was conducted through a 
transversal bdominal approach. The retroperitoneal space 
was opened, and both the aorta and the IVC were 
controlled. No periaortic or pericaval hematoma nor 
arteriovenous fi tula was observed. The infrarenal aorta was 
first clamped and opened longitudinally. There was no 
luminal thrombus, The ruptured strut protruded through 
the right lateral aortic wall, with its distal extremity free 
inside the lumen (Fig. 5). The extraction of the strut was 
performed, and the aortotomy was sutured. The IVC was 
then clamped and opened. The extraction of the GF was 
technically difficult because the prongs at the distal 
extremities of the struts were included into the posterior 
wall of the IVC. Clipping the struts with a sternal wire 
cutter was needed. The distal extremities of two struts were 
left in. The venotomy was sutured, and a De Weese clip was 
inserted below the renal veins. A left oophorectomy was 
also performed. The follow-up was uneventful, and the 
patient was doing well 6 months later. Macroscopic 
examination of the GF revealed that the severed strut was 
ruptured but not detached from the hub because a short 
proximal portion remained within the hub. 
Scanning electron microscopy (Jeol JSM 840 [Jeol, 
Tokyo, Japan] equipped with a Tracor TN 5500 [Tracor, 
Riddletown, Wis.] energy dispersive X-ray analysis) anal- 
ysis of the fracture showed a dendritic structure and a 
smooth area. This smooth area was probably due to a crack 
during the setting and folding process. Consequently, 
about 20% of the strut section was still connected after this 
process. Moreover, we observed that the skin of the strut 
was folded toward the central part of the section, a 
consequence of the multifolding process. There was no 
significant corrosion on the surface of the strut (Figs. 6 and 
7). Energy-dispersive radiography analysis confirmed the 
absence of impurity in the stainless steel composition of the 
strut (atomic composition: chromium, 19.55%, iron, 
70.82%, nickel 9.63%). We therefore concluded that the 
fracture occurred because of a structural defect in the strut. 
DISCUSSION 
Pulmonary embolism is a significant cause of  
morbidity and death because it causes tens o f  
thousands deaths per year in the United States. 1,2 
Classic indications for vena cava filter insertion are 
contraindications for anticoagulation therapy, s~6 re- 
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Fig. 2. Abdominal computed tomography scan demonstrates p rforation of inferior vena cava 
by struts and perforation of aorta by ruptured strut. A, Hub of filter is left-sided in IVC. B, 
Angulation of filter to left with perforation ofIVC by struts. C, Penetration faorta by ruptured 
strut. D, Ruptured strut is free in aortic lumen. 
current hromboembolism despite a well-conducted 
anticoagulation therapy, s-z and free-floating throm- 
bus at the level of the iliac veins or the IVC. s'9 
The complication rate of the GF is very low when 
compared with alternative interruption of the IVC. 5 
Early complications included inability to pass the 
introducer through the right internal jugular vein, 
misplacement of the filter, and venous perforation 
during the procedure that caused hemorrhage atthe 
insertion site or in the retroperitoneal space. 9,1° 
Late complications of GF are retroperitoneal 
hematoma, recurrent pulmonary embolism, throm- 
bosis of the IVC, lower extremity edema, non- 
clinically relevant perforation of the IVC, injuries of 
pericaval organs, and migration, angulation, and 
rupture of the filter. 
The retroperitoneal hematoma is one rare com- 
plication of GF that was not observed in our case. It 
is usually minor and clinically nonsignificant. 9 How- 
ever, Howerton et al.n reported a retroperitoneal 
hematoma related to the erosion of a lumbar artery 
that required emergency operation because of hem- 
orrhagic shock. 
Cephalad or caudal migration of a GF may occur. 
The cephalad migration rate is 6%, 3'i2'ls with a 
distance of 2 to 12 mm. 13 The small hooks at the 
distal extremities of the struts make cephalad migra- 
tion unlikely despite the direction of the IVC blood 
flow. The caudal migration rate is higher in long- 
term radiographic follow-up studies. 12,13 Berland et 
al.12 documented a 48% rate of caudal migration over 
distances of 10 to 70 mm. Messmer et al.13 demon- 
strated caudal migration of 3 to 18 mm in 29%. The 
mechanism for caudal migration remains unclear. 
Reversal of the flow in the IVC caused by Valsalva 
maneuvers after cardiopulmonary resuscitation, 14 
trauma with increased abdominal pressure, and 
respiratory physical therapy for mobilization of 
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Fig. 3. Cavogram demonstrates perforation of IVC by 
struts and hub of filter. 
Fig. 4. Aortography demonstrates aortic penetration by 
ruptured strut without arteriovenous fi tula. 
bronchial secretions ~3as,~6 have been suggested. IVC 
with a diameter larger than 28 mm could also increase 
the risk of  migration of the GF. 17 
The geometry of the GF offers maximal blood 
filtration when it is located in the middle of the IVC 
with an angle less than 15 degrees. I f  the GF is tilted 
more than 15 degrees from the IVC axis, a mis- 
placement or an IVC wall perforation is likely to 
occur.  12 Gomez et al. 3 reported that the maximum 
angulation theoretically possible without perfora- 
tion of  an IVC of 25 mm in diameter is 30 degrees. 
Berland et al) 2 reported that a change in the axis 
of the GF by more than 10 degrees occurred in less 
than 20% of patients. 
According to Messmer et al. ~3 changes in filter 
span after insertion occurs in 10% of cases. A decrease 
in the filter span is mainly associated with an IVC 
occlusion. 3,12,13 An increase in filter span can be 
observed when the struts become redirected in a renal 
vein, with associated angulation.13 An increase in the 
filter span is mainly associated with IVC wall 
perforation. 
Perforation of the IVC wall by one or more of the 
struts is a relatively frequent, but not clinically 
relevant observation. 12Nevertheless, ymptoms and 
signs related to this perforation are scarce. Injuries to 
contiguous organs have been described: diaphrag- 
matic crus, 18 lumbar ganglions, 9 obturator nerve, s 
duodenum and small bowel ,  1~,16,18-z° ureter, is kid- 
ney, 2i psoas muscle, 18,21 and vertebral body.19 Perfo- 
a1~c~ ii rations of a lumbar ~y, an iliac artery, ~8 and the 
aorta 1°,22'23 are rare. 
Fractures of GF struts have been rarely 
published. 19-21,24"27 The mechanism of fracture may 
be related to tilting of the filter and continuous strain 
on the engaged strut, resulting in repetitive flexions 
that lead to metal fatigue and finally fracture. This 
mechanism could be amplified ifa strut is firmly fixed 
in a pulsatile structure such as the aorta or if it has a 
structural defect, as in our observation. Unfortu- 
nately, we can not compare our observations with 
others because results of ultrastructural nalysis of 
ruptured struts are not available in the literature. 
Alexander et 2.1.26 related the fracture of a strut to 
intraoperative manipulation of the GF during chole- 
cystectomy. 
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Fig. 5. Perioperative view of ruptured strut in aortic lumen. 
Fig. 6. Scanning electron microphotograph of hub of 
filter. A, Proximal part of ruptured strut is still present 
in hub. B, At higher magnification, we noted dendritic 
structure and smooth area. This smooth aspect is prob- 
ably due to pervious crack during setting and folding 
process. 
Fig. 7. Scanning electron microphotograph of distal part 
of ruptured strut. A, About 20% of strut section (arrow) 
was still connected after setting process. On right side we 
observed that skin of strut is folded toward central part of 
section. B, Higher magnification of ruptured area of strut 
that was still connected after setting process. 
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Plain abdominal radiography is the initial test to 
detect GF complications because it allows the detec- 
tion of gross changes uch as migration, changes in 
angulation and filter span, and, in rare cases, the 
rupture of a strut. 
In cases of suspicion of IVC perforation or 
thrombosis,' duplex real-time pulsed-wave Doppler 
sonography is an effective technique to detect these 
complications. 9'11'2s Abdominal computed tomogra- 
phy is indicated if results of the above-mentioned 
tests are inconclusive. This technique gathers infor- 
mation on IVC status, position of the filter, and 
pericaval structures is and their potential involvement 
in the GF defect. 
Complications observed with GF should be 
reported, as for any biomaterial implanted in human 
beings. Moreover, structural analysis of surgically 
explanted GF is advised to determine the cause of 
failure and improve developments of new devices. 
We are indebted to Ronald Rooke, PhD, who cor- 
rected the manuscript, and to Henri Gallin for the 
illustrations. 
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